In energy conversion studies, some situations have been aimed at up to now. According to this, while the direct voltage is converted from some renewable energy sources to the alternating voltage, the shape of the voltage must be close to the sinus. Therefore, the works are being done on inverters with multi-levels. As the level of the inverters increases, the number of switches and control signals on them increases and it becomes harder to find the possible errors. Finding faults of a device with a large number of transistors with control signals is important, very difficult, and time-consuming task. This paper addresses the issue of determining fault conditions for a multi-level inverter with a very complex switching scheme. The results are analyzed and evaluated after the values obtained in the simulation are validated by the experimental study. For different switch fault conditions at the applications, the harmonic distortion of the alternating voltage is measured and made into tables. After that, different fault conditions of the 21-level inverter structure are explained when fault curves are created from the distortion value of the fault signals.
INTRODUCTION
The use of direct current sources in driving a device is limited. But, it is quite common and desirable to obtain direct current energy from renewable sources [1, 2] . This direct current energy source needs to be transformed for using it more widely in electronic applications [3] [4] [5] [6] [7] . Therefore, multi-level inverters are used to obtain a good sine wave for the alternating voltage [7] [8] [9] [10] . As the level of the inverter level increases, the number of switches and the number of signals controlling the switches also increases, so the circuit structure becomes complicated. That makes it difficult to detect a fault in the circuit structure. The switches are disabled in overheating; the operation of the voltages above the voltage values is allowed by the switch, and in the event of faults to the processor legs controlling the switches. In which case some of the switches do not work and therefore a faulty alternating voltage is generated. This work is different from other studies [11] [12] [13] [14] [15] because it deals with switch and signal faults that can occur in a multi-level inverter as 21-level while creating the distortion index. The inverter structure to be diagnosed has twenty semiconductor switches and is controlled by sinus pulse width modulation. The pulse width is generated by intersecting ten triangular signals with a sinusoidal signal. The inverter structure and control system is built at Matlab Simulink and experimentation, and then run for different fault conditions. There may be a large number of possible fault conditions. However, the deterioration index curve, which gives information about what the deterioration tendencies are in the event of a fault is obtained for several different situations.
Figure 1 21-level inverter for fault detection
At the simulation and experimentation, the distortion value of the fault signal is measured. Then, the detection index of fault curve and figure is formed by the distortion value of faultless signal subtracting from the distortion value of the fault signal. The increase in the negative direction on the index curve shows the extra deterioration values due to the faults occurring on the device while the positive increases indicate the deterioration values that occur when the device is not faulty. So, Maps of defects that occur in the complex device structure are revealed. The detection of the faulty part and the control signal according to the obtained results is made with certainty because every faulty condition has its own unique characteristic curve. The simulation results are validated by the experimental results. The direction of the curves is negative, according to the current position of the element in which the fault occurs. The directions in the curves are positive when the fault does not arise. In this case, the detection of the faults occurring in a device with a very complex switches structure is facilitated. Thus, while the defective element is found in a short time without performing control of each individual element, it does not perform unnecessary operations on the other non-defective circuit elements. So deformations are prevented in the circuit.
INVERTER STRUCTURE TO BE DIAGNOSED
The inverter circuit in Fig. 1 is given for the fault detection and the distortion indexing of a complex device structure. There are resistances from R1 to R10 in order to divide the direct voltage supply on this inverter. The voltage with a frequency of 80 Hz has a 21-step voltage because all of the switches forming all the voltage levels on the load operate fully. This voltage peak is at 170 V, which is U m . The created voltage U(t) can be expressed as in Eq. (1).
For simulation and experimentation, the alternating voltage on the load will be as shown in Fig. 3 if faults occur in switches I11 and I12. The inability to operate these switches causes the two level steps to be lost in the negative part of the alternating voltage and that disrupts the effective value of the voltage in simulation and experimentation. H 0 is harmonic distortion of the voltage generated by the errorless device on the load; H 1 is harmonic distortion of the voltage generated by the faulty device on the load. The differences between these two values provide the distortion index (D i ), which indicates the effect of the fault on the voltage generated on the load. Eq. (2) shows the calculation of D i .
Tab. 1 demonstrates the distortion index values in simulation while Tab. 2 shows the distortion index values in experimentation. Experimental results support the simulation results. According to the results, Fig. 4 shows the distortion index curve for faults of I11 and I12. 
Eqs. (4) and (5) give the voltage value of the distortion at 160 Hz and 560 Hz. 
d, 560
1 9 170 100
If faults occur in switches I1, I2, I11 and I12; the alternating voltage on the load will be as shown in Fig. 5a and 5b. Fig. 5c shows the pulse width modulations controlling these switches. 
d, 400
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With the above calculations, the distortion voltages obtained at different frequencies are shown in Fig. 7 . While faults occur in switches I19 and I20, the alternating voltage on the load is as shown in Fig. 8 . 
Tab. 4 and Tab. 6 demonstrate the distortion index values while Fig. 9 shows the distortion index curve for faults of I19 and I20. 0.47% 0.30% -0.17% Figure 9 The distortion indexes curve for faults of I19 and I20
Values of the distortions in the generated voltage are negative in Fig. 9 , in Tab. 5, and Tab. 6, indicating that there is an error on this circuit. The distortions at 720 Hz and 560 Hz on the voltage are not caused by the fault but the distortions at the other frequency values are caused by the defects. The distortions caused by non-operation of I19 and I20 are their maximum values at 0 Hz, 160 Hz, 400 Hz and 480 Hz. Eqs. (12) - (15) give the voltage value of the distortion at 240 Hz, 400 Hz and 560 Hz. 
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With the above calculations, the distortion voltages obtained at different frequencies are shown in Fig. 10 . 2.24 V of the distortion is occurring at 0 Hz, when 4.25 V of the distortion is occurring at 160 Hz. after that, the faults of I19 and I20 cause successive 2.44 V of the distortion and 1.853 V of the distortion at the 400 Hz and 480 Hz.
If faults occur in switches I3, I4, I19 and I20; the alternating voltage on the load forms as shown in Fig. 11a , and 11b. Fig. 11c shows the pulse width modulations controlling these switches.
The fault of I3, I4, I19 and I20 causes the two sides of the positive and negative parts of the alternating voltage to disappear. This disrupts the alternating voltage structure and its effective value.
Tab. 7 and Tab. 8 demonstrate the distortion index values in simulation and experimentation while Fig. 12 shows the distortion index curves for faults of I3, I4, I19 and I20.
The curve in Fig. 12 , the values in Tab. 7 and Tab. 8 because the distortions in the generated voltage are in negative direction, there is an error on this circuit. 2 09 170 100 With the above calculations, the distortion voltages obtained at different frequencies are shown in Fig. 13 .
If I3, I4, I19 and I20 do not work, a distortion of 7.86 V occurs at 160 Hz, while a distortion of 3.89 V occurs at 320 Hz. These defective switches also cause respectively distortion of 1.955 V, 3.11 V, and 3.35 V at 560 Hz, 640 Hz and 800 Hz. 
CONCLUSIONS
In this study, faults that can occur in a 21-level inverter have been determined with a new method. The faults occurring in different situations on the device are investigated. According to the method, the fault effect on the voltages of the load is revealed after the creating distortion index that is formed by the difference between the harmonic distortion of the references alternating voltage, and the harmonic distortion of the alternating voltage with fault. Because of this, the distortion index curves and tables are designed for each fault condition and the fault condition map is formed. There may be a large number of possible fault conditions. However, the deterioration index curve, which gives information on what the deterioration tendencies are in the event of fault, is obtained for several different situations. The direction of the curves is negative, according to the current position of the element in which the fault occurs. Although the curves show similarities in the case of failure, all of the curves are different. According to this, the directions in the curves are positive when the fault does not arise. İf the directions in the curves are negative then the fault arises. So, the curve can inform about areas on the device in order to find fault. In this case, the detection of the faults occurring in a device with a very complex switches structure is facilitated. Then, unnecessary deformation can decrease in the device. Therefore, time and financial savings are made.
